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The metallographic and fractographic analysis methods were used to study the influence of
the cast metal quality on the causes of the destruction of a railway carriage under high dynamic and
cyclic loads.

As a result of study structure fracture surface of the side frame freight car truck, the detected
elements indicate simultaneous presence of fatigue and static fracture. The focus of nucleation
fatigue crack was a surface defect of casting origin such as a blockage. Volumes with a concentrated
arrangement of gas bubbles and non-metallic inclusions of various nature was found in the individual
elements of the side frame. As a result of acceleration of moving fatigue crack, there are achievements
of continuous decrease of construction of strength side frame. The meeting of the fatigue crack with
volumes metal with an increased concentration of gas bubbles and non-metallic inclusions
accelerated the transition to the phase of static fracture. Improving the operational safety of the side
frame is possible by improving the foundry technology of its manufacture and changing the regulatory
documentation to limit non-metallic inclusions and pores in the metal.
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he increasing intensity of freight transport by rail requires the development

of measures to improve operational safety. A component in the complex
process of developing such measures is the explanation of the reasons for
premature withdrawal of rolling stock from service. Increasing the profitability
of transportation by increasing the axle load indicates need to revise requirements
for materials used for the manufacture of rolling stock. In addition to the
chemical composition, for the majority of low-carbon steels, the final structural
state of the product after its completion is significant. Rolled products with a
structural state after hot reduction or thermal hardening in a rolling mill line,
according to most indicators, have a higher range of properties than obtained
by casting technology [1]. An example is the side frame of a freight car truck,
which is manufactured by casting. The resistance of the destruction side frame
metal is determined by the combined effect of factors. One of them is the
rather frequent exceeding restrictions of normative documentation on non-
metallic inclusions, pores, gas bubbles various nature of origin, their shape and
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location in metals. The known results of study causes of destruction products
manufactured by foundry technologies, the most likely places for the formation
of destruction center are metal volumes with a concentrated arrangement of
those defects [2].

Explanation of the cause destruction of the side frame trolley during
operation of the railway transport.

The material for the study was 20GL steel after sampling from the side
frame of the freight wagon trolley after destruction. The chemical composition
of steel, determined by the “Spectrolab” spectrometer was: 0.19% C; 1.14%
Mn; 0.38% Si; 0.01% P; 0.039% S; 0.019% Ni; 0.074% Cr; 0.113% Cu. The
microstructure was investigated using light microscopy techniques [3]. The
study of the fracture surface was carried out in accordance with the methods of
fractographic analysis [2]. The complex of mechanical properties was determined
by the methods and on samples in accordance with the requirements of
OST.32.183-2001.

Based on a comprehensive study metal of the side frame trolley, the
steel according to non-metallic inclusions (Fig. 1a), microstructure (Fig. 1b),
and mechanical characteristics generally met the requirements of OST 32.183-
2001.

Fig. 1. Microstructure of steel (a), line and point nitrides (b).

A general view of the fracture surface of the beam is shown in Fig.2a.
Based on the analysis of fatigue lines location and the orientation of the
formed steps [2, 4], the surface defect of foundry origin such as a blockage
should be considered the focus of crack initiation (designation 2, Fig. 2b). A
detailed study showed that this defect has exit to the outer surface of the side
frame. The observed steps (designation 1, Fig. 2b) formed near the indicated
inclusion and their gradual disappearance indicate the growth of a fatigue
crack along several surfaces [2]. Moreover, after combining individual fronts
into one, the fracture process develops with increasing speed, which is confirmed
by an increase in the distance between stops of the fatigue crack (designation
3, Fig. 2b). After reducing the constructive strength of the side frame from the
fatigue crack, conditions begin to create the transition crack growth process to
the next stage. Given that after the completion of incubation phase of the
crack growth, which corresponds to low values of the stress intensity factor at
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Fig. 2. General view of the fracture surface side frame (a) and selected area (A) with place of origin fatigue
crack (b): 1 - steps, 2 - non-metallic inclusion, 3 - front of the fatigue crack, 4 - signs of static fracture.

mouth crack [5], qualitative changes in the nature of crack propagation are
associated with an increase of cyclic loading amplitude. At the same time
signs of cycle fatigue static component  (facets, ridges, etc.) begin to appear
on the fracture surface [2], with a simultaneous increase of length of crack
front moving. Indeed, when analyzing the fracture surface,especially in part
where the stage of fatigue crack growth ends on one surface (designation 4,
Fig. 2b), the signs similar radial component of static fracture are found [4].
In this case,the successive formation of the ridges and fine facets occurs.

The asymmetric location of the crack nucleation center relative to the
side walls of the frame (Fig. 2a) should lead to the differences in crack growth
on the opposite walls, which was actually confirmed by the traces from the
front of fatigue crack. In a first approximation, it can be assumed that the
simultaneous presence of nonmetallic inclusions and increased metal porosity
(symbols 1 and 2, Fig. 3) along the crack propagation path caused a violation
of its growth conditions [6]. Similar cases of influence are known from the
results of studies of the fracture surfaces [2]. Based on this, as a result of
decrease in the constructive strength of the side frame from the presence of
pores, the amplitude of cycle quickly reached a level for the transition process
of metal fracture to the phase of final dynamic destroy. This is indicated by
the presence of steps on the fracture surface and a change in the direction of
movement crack front [7].

Thus, the evidence of formation and development destruction indicates
that improving the operational safety of the side frame of the wagon trolley is
possible due to the improvement of casting technology. At the same time, the
development of amendments to the normative documentation to further limit
the presence of non-metallic inclusions and pores in the metal should be
considered as an additional factor in increasing the life of the side frame.

The cause of fracture side frame of the trolley is crack of fatigue in
the corner of region radius R55 on the inner side of the supporting surface
from the presence of a non-metallic inclusion, with a size significantly exceeding
regulatory restrictions.
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Fig. 3. The fracture surface (region B, Fig. 2a) with an increased concentration of non-metallic inclusions (1)
and porosity (2) - (a); brooky pattern (1), facets (2), secondary crack (3) and metal discontinuities (4) - (b).

The presence in a separate volume metal of a side frame of the trolley
concentrated porosity and non-metallic inclusions of various nature of origin
was the reason for accelerated transition fracture process to the phase of a
static destruction.
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N. A.Bakyaenko, JI. . Bakyaeunko, C. B. IIpoiinak
O npuunne paspymeHusi 0OKOBOIl paMbl TEJEKKH BaroHa

Pe3ziome

Mertomamu MeTasorpadudeckoro n (ppakToprapmaHOro aHAIN3a UCCTEI0BAHO BIUSHUE
KavyecTBa JJUTOTO MeTAJJIa Ha TTPUYMHBI Pa3pyIIeHUs TEIEKKH JKeJIe3HOJOPOSKHOTO BaroHa B
YCJIOBUAX SKCILTYaTalluUW BBICOKUX JUHAMUYECKUX U IMUKJINMYECKUX Harpy30K.

B pesysbrare rccsieJoBaHUs CTPOEHHS TIOBEPXHOCTH Pa3pyIeHIs GOKOBOI PaMbl TETEKKI
rpy3oBoro BaroHa u3 ctajau 20171, o6Hapy KeHHbIE 3JIeMEHTBI YKA3bIBAIOT Ha OJTHOBPEMEHHOE
MIPUCYTCTBUE YCTAJOCTHOTO M CTATUYECKOTO paspyiieHus. OuaroM 3apoKIeHUs yCTAJOCTHON
TPEIUHDI SBUJICS MOBEPXHOCTHBIN JieheKT JUTEHHOTO TPOUCXOXK/CHUS TUMA 3acopa. B
OT/IeTbHBIX 3JieMeHTaX OOKOBOW paMbl OOHApy:KeHbI 0OBEMBI C COCPEOTOYCHHBIM
pacroJioskeHneM Tra3oBbIX My3bIpell 1 HeMeTaJJINYeCcKUX BKJIOUEHUN pasinyHOU MPUPOJIbI
MPOUCXOXK/AeHUs. B pe3yabrare MPOABUIKEHUS YCTAJIOCTHONH TPEIIMHBI MPOUCXOIUIIO
HETIPEePhIBHOE CHMYKEHNE KOHCTPYKTUBHOM MTPOYHOCTH GOKOBOI paMbl, a BCTpeya ¢ 00beMaMu
MeTaJlja C TOBBIIIEHHOH KOHIIeHTpalliell Ta30BbIX MMy3bIpeil 1 HeMeTaJIInYecKUX BKJIIOYeHNH
yCKOpHUJIa Tiepexo/i B a3y cTaTmuecKoro paspyineHus. [loBbiieHre aKCIIyaTalmoOHHOM
6e301acHOCTH GOKOBOI paMbl BO3MOKHO 32 CYET COBEPIIECHCTBOBAHMS JUTEHHON TEXHOJOT TN
€€ N3roTOBJICHUA 11 N3MEHECHUA HOpMaTI/IBHOﬁ JOKYMEHTAIINU 110 OTPAHNYEHNIO HEMETAJIIMIECKUX
BKJIIOUEHUH U TIOP B MeTaJLIe.

KuoueBble cioBa: TpemnHa, yCTaaoCTb, pa3pylieHne, HeMeTaIMIecKie BKIIOUCHNS,
IIOPBL.

I. O. Bakyaenko, JI. I. Bakyaenko, C. B. Ilpoiigak
IIpo npuunnu pyiiHyBaHHsI 6iYHOI paMu Bi3Ka BaroHa
AxoTais

Mertogamu Metamorpadivaoro i dpaxropradivHoro aHamisy A0CTi/PKEHO BILJIUB SKOCTI
JINTOTO MeTaJTy Ha MPUYMHN PYHHYBaHHS Bi3Ka 3a/1i3HUYHOTO BaroHy 3a yMOB eKCILJIyaTallii
BHUCOKHUX JUHAMIYHUX 1 IIMKJJIIYHIX HaBaHTAKeHb.

B pesyabTarti gocipkeHHS TOBepXHi pyiiHYBaHHS 60KOBOI paMu Bi3Ka BaHTa)KHOTO
Barona 3i crasi 20/ BusiBsieHi esleMeHTH, 110 BKa3yIOTh HA OJIHOYACHY MTPUCYTHICTh BTOMHOTO
i crarmanoro pyiiHyBaHHs. OcepeakoM 3apO/IKEHHS TPIIMHU BTOMY GyB MOBEPXHEBHIA 1eDEKT
JINBAPHOTO TOXO/[KEHHS TUITY 3acopy. B okpeMux esleMeHTax GOKOBOI paMu BUSIBJICHI 00’ €MU
3 30CEPE/PKEHUM PO3TAllyBaHHAM I'a30BUX IIOPOKHUH i HEMETAICBAX BKJIIOUEHb Pi3HOI IIPUPOAA
MOXO/KEHHS. B pesysibTari mpocyBaHHS TPIlIMHU BTOME Bi/I0yBasiocs 6e3rnepepBHe 3HUKCHHS
KOHCTPYKTUBHOI MilTHOCTI GOKOBOI pamu, a 3ycTpiu ii 3 06’eMaMu MeTay 3 MiJBUMIEHOTO
KOHIIEHTPAITIEI0 TA30BUX MOPOKHUH i HeMeTaJeBUX BKJIIOYCHD MIPUCKOPUJIA TiepeXil B a3y
cTatuyHOrO pyiiHyBaHHA. IlifBuIeHHS eKcILTyaTalliitHol HaifiHOCTI 60KOBOI paMu MOXKJINBE
32 PaxXyHOK BJIOCKOHAJICHHS JIMBAPHOI TEXHOJIOTii i BUTOTOBJICHHA Ta BHECCHHA 3MiH Y
HOPMATUBHY JOKYMEHTAIIIIO T0/I0 OOMEKEHHS BMiCTY HEMETAJIEBUX BKJIOUEHD i TIOP Y METAJIi.

KimouoBi cioBa: Tpilmuna, BToMa, pyHHYBaHHS, HEMETAJIEBI BKIIOYEHHS, TIOPU.

HaykoBo-TexHiunuii xypuaa “MeTtano3HaBcTBO Ta 00poOka MmetaxiB” 4’2019 25



